Let the two burning candles, lamps, or other lights to be compared, A and B, be placed at equal heights upon two light tables, or moveable stands, in a darkened room ; let a sheet of clean white paper be equally spread out, and fastened upon the wainscot or side of the room, at the same height from the floor with the lights, and let the lights be placed over against this sheet of paper, at the distance of 6 or 8 feet from it, and 6 or 8 feet from each other, in such a manner, that a line drawn from the centre of the paper, perpendicular to its surface, shall bisect the angle formed by lines drawn from the lights to that centre; in which case, considering the sheet of paper as a plane speculum, the one light will be precisely in the line of reflection of the other.
This may be easily performed, by actually placing a piece of a looking-glass, 6 or 8 inches square, flat upon the paper, in the middle of it, and observing by means of itthe real lines of reflection of the lights from that plane, removing it afterwards as soon as the lights are properly arranged.
When this is done, a small cylinder of wood, about £ of an inch in diameter, and 6 inches long, must be held in a vertical position about e or 3 inches before the centre of the sheet of paper, and in such a manner, that the two shadows of the cy linder corresponding to the two lights may be distinctly seen upon the paper.
If these shadows should be found to be of unequal densities, which will almost always be the case, then that light whose corresponding shadow is the densest, must be removed farther offj or the other must be brought nearer to the paper, till the densities of the shadows appear to be exactly equal; or in other words, till the densities of the rays from the two lights are equal at the surface of the paper; when, the distances of the lights from the centre of the paper being measured, the squares of those distances will be to each other as the real intensities of the lights in question at their sources.
If, for example, the weaker light being placed at the dis tance of 4 feet from the centre of the paper, it should be found necessary, in order that the shadows may be of the same den sity, to remove the stronger light to the distance of 8 feet from that centre, in that case, the real intensity of the stronger light will be to that of the weaker as 81 to 4*; or as 64 to 1 6 ; or 4 to 1; and so for any other distances.
It is well known, that any quality proceeding from a centre in straight lines in all directions, like the light emitted by a luminous body, its intensity at any given distance from that centre will be as the square of that distance inversely ; and hence it is clear, that the intensities of the lights in question at their sources, must be to each other as the squares of their distances from that given point where their rays uniting are found to be of equal density. For putting -the intensity of B ; if P represents the point where the rays from A and from B meeting are found to be of equal density or strength, and if the distance of A from P be e= m, and the distance of B from the same point P = n; then, as the intensity of the light of A at P isand the intensity of the light of B at the same place == 'r, and as it i s^ = -by the supposition, it will be x: y : : m : nz. That the shadows being of equal density at any given point, the intensities of the illuminating rays must of necessity be equal at that point also, is evident from hence, that the total absence of light being perfect blackness, and the shadow cor responding to one of the lights in question being deeper or fainter, according as it is more or less enlightened by the other, when the shadows are equal, the intensities of the illuminating rays must be equal likewise.
In removing the lights, in order to bring the shadows to be of the same density, care must be taken to recede from, or ad vance towards the centre of the paper in a straight line, so that the one light may always be found exactly in the line of re flection of the other; otherwise the rays from the different lights falling upon the paper, and consequently upon the sha dows, at different angles, will render the experiment fallacious.
When the intensity of one strong light is compared with the intensities of several smaller lights taken together, the smaller lights should be placed in a line perpendicular to a line drawn to the centre of the paper, and as near to each other as pos sible ; and it is likewise necessary to place them at a greater distance from the paper than when only single lights are com pared.
In all cases, it is absolutely necessary to take the greatest care that the lights compared be properly trimmed, and that they burn clear, and equally, otherwise the results of the ex periments will be extremely irregular and inconclusive. It is astonishing what a difference there is in the quantities of light emitted by the same candle, when it burns with its greatest brilliancy, and when it has grown dim for want of snuffing. But as this diminution of light is progressive, and as the eye insensibly conforms to the quantity of light actually present, it is not always taken notice of by the spectators ;-it is never theless very considerable, in fact, as will be apparent to any pne who,will take the trouble to make the experiment; and measuring the comparative Intensities Light. 71 so great is the fluctuation in the quantity of light emitted by burning bodies, lamps, or candles, in all cases, even under the most favourable circumstances, that this is the source of the greatest difficulties I have met with in determining the rela tive intensities of lights by the method here proposed.
To ascertain by this method the comparative densities, or in tensities of the light of the moon, and of that of a candle, the moon's direct rays must be received upon a plane white sur face, at an angle of incidence of about 6o°, and the candle placed in the line of the reflection of the moon's rays from this surface; when the shadows of the cylinder corresponding to the moon's light, and to that of the candle, being brought to be of equal density, by removing the candle farther off, or bringing it nearer to the centre of the white plane, as the oc casion may require, the intensity of the moon's light will be equal to that of the candle at the given distance of the from the plane. To ascertain the intensity of the light of the heavens by day or by night, this light must be let into a darkened room through a long tube, blackened on the inside, when its inten sity may be compared with that of a candle or lamp by the method above described.
To determine the intensity of the direct rays of the sun, compared to the light emitted by any of our artificial illumi nators, it may perhaps be necessary, considering the almost in conceivable intensity of the sun's light, to make use of some further contrivances and precautions, but I am convinced, however, that it may be done, and that even with a very con siderable degree of precision. And when the relative inten sity of the sun's light at the surface of the earth, compared with the intensity of the light of a given lamp, placed at a given distance, and burning with a flame of given dimensions, shall be known ; it will then be easy, from the known size and distance of the sun, to compute the relative density of his light at his surface, compared to the density of the light of the flame of the lamp at the surface of that flame.
The intensity of the light emitted in the combustion of iron or of phosphorus in dephlogisticated air, as also that of all other burning, or red-hot bodies, may be compared and determined by this method with the greatest facility and exactness.
In my next letter I shall endeavour to give you an account of the result of my inquiries with respect to the best and most oeconomical method of producing light by candles, lamps, &c. for common use ; together with a comparative view of the ex pence of lights of various kinds, the quantity of light produced remaining the same ; with such further remarks and observa tions as may occur.
Munich, I a m , &C. 20th December, 1792. L e t t e r I I .
DEAR S IR ,
Since my letter of the 20th December last I have made many improvements in the apparatus contrived for measuring the intensity of light, and I have now brought the principal instrument to such a degree of perfection, that, if I might without being suspected of affectation, I should dignify it with a name, and call it a photometer. I have likewise made a considerable number of new experiments; but before I proceed to give an account of them, it will be necessary to describe very particularly the alterations I have found it expedient to make in the instruments.
And, in the first place, the shadows, instead of being thrown upon a paper spread out upon the wainscot, or side of the room, are now projected upon the inside of the back part of a wooden box, 7^ inches wide, io \ inches long, and 3^ inches deep, in the clear, open in front to receive the light, and painted black on the inside, in every part except the back, upon which the white paper is fastened which receives the shadows. To the under part of the box is fitted a ball and socket, by which it is attached to a stand which supports i t ; and the top or lid of it is fitted with hinges, in order that the box may be laid quite open as often as it is necessary to alter any part of the machinery it contains. The front of the box is likewise furnished with a falling lid or door, moveable upon hinges, by which the box is closed in front when it is not in actual use.
Finding it very inconvenient to compare two shadows pro jected by the same cylinder, as these were either necessarily too far from each other to be compared with certainty, or when they were nearer they were in part hid from the eye by the cylin der, to remedy this inconvenience, I now make use of two cy linders ; which being fixed perpendicularly in the bottom of the box just described, in a line parallel to the back part of it, distant from this back inches, and from each other 3 inches, measuring from the centres of the cylinders; when the two lights made use of in the experiment are properly placed.
MDCCXCIV. L 74* Count Rumford's Account of a Method of these two cylinders project four shadows upon the white paper upon the inside of the back part of the box, which I shall henceforth call the field of the instrument, two of which shadows are in contact precisely in the middle of that field, and it is these two alone that are to be attended to. To pre vent the attention being distracted by the presence of unneces sary objects, the two outside shadows are made to disappear, which is done by rendering the field of the instrument so narrow, that they fall without it upon a blackened surface, upon which they are not visible. If the cylinders be each of an inch in diameter, and inches in height, as in the instrument I have lately constructed, it will be quite sufficient, if the field be eT7 inches wide ; and as an unnecessary height of the field is not only useless, but disadvantageous, as a large surface of white paper not covered by the shadows produces too strong a glare of light, the field ought not to be more than of an inch higher than the tops of the cylinders. In order to be able to place the lights with facility and pre cision, a fine black line is drawn through the middle of the field from the top to the bottom of it, and another (horizontal) line at right angles to it, at the height of the top of the cylin ders. When the tops of the shadows touch this last-men tioned line, the lights are at a proper height; and when fur ther, the two shadows are in contact with each other in the middle of thefield, the lights are then in their proper directions.
In my new-improved instrument (for I have already caused four to be constructed) the white paper which forms the field is not fastened immediately upon the inside of the back of the box, but it is pasted upon a small pane of very fine ground glass, and this glass, thus covered, is let down into a groove 75 made to receive it in the back of the box. This covered glass is inches long, and as wide as the box is deep, viz. 3X inches, but the field of the instrument is reduced to its proper size by a screen of black pasteboard interposed before the anterior surface of this covered glass, and resting immediately upon it. A hole in this pasteboard, in the form of an oblong square, iT7 inches wide, and two inches high, determines the dimensions, and forms the boundaries of the field. This screen should be large enough to cover the whole inside of the back of the box, and it may be fixed in its place by means of grooves in the sides of the box, into which it may be made to enter. The position of the opening above mentioned is determined by the height of the cylinders, the top of it being y~ of an inch higher than the tops of the cylinders ; and as the height of it is only two inches, while the height of the cylinders is 2-inches, it is evident that the shadows of the lower parts of the cylinders do not enter the field. No inconvenience arises from that circumstance ; on the contrary, several advantages are derived from that arrangement.
Instead of the screen just described, I sometimes make use of another, which differs from it only in this, that the hole in it, which determines the form and dimensions of the field, in stead of being quadrangular, is round, and i T6 inches in dia meter. And when this screen is made use of, the shadows are increased in width (by means which will hereafter be de scribed), in such a manner as completely to fill the field, ap pearing under the form of two hemispheres, or rather half disks, touching each other in a vertical line. The object I had in view in reducing the field and the shadows to a circular form was this; I imagined that by diminishing the number L 2 measuring the comparative Intensities of Light.
Count Rumford's Account of a Method of objects capable of acting upon the mind, and particularly by removing all straight lines and angles, and all unnecessary varieties of lights and shades, the attention might be concen trated and fixed in such a manner as to render the sense of sight peculiarly acute in distinguishing any difference in the simple objects presented to the eye. But however plausible this reasoning may appear, I own the experiment did not an swer my expectation. It is true, the apparent densities of two equal hemispheres of shade, in contact with each other, may be compared with great facility, and when no discernible dif ference is to be perceived between them, it is more than pro bable that they are in fact very nearly equal; but still I have found by experience, that two equal parallelograms of shade in contact with each other may be compared with the same ease, and, I have reason to think, with equal certainty, and that even when these united shadows are bounded on three sides by a perfectly white surface, illuminated by the direct rays of two strong lights ; that is to say, when the screen with the qua drangular opening or field is made use of. In describing the cylinders by which the shadows are pro jected, I said they were fixed in the bottom of the box; but as the diameters of the shadows of the cylinders vary in some small degree, in proportion as the lights are broader or nar rower, and as they are brought nearer to or removed farther from the photometer, in order to be able in all cases to bring these shadows to be of the same diameter, which I have found by experience to be advantageous, in order to judge with greater facility and certainty when the shadows are of the same density, I have rendered the cylinders moveable about their axes, and have added to each a vertical wing ~ of an inch wide, y-g of 77 an inch thick, and of equal height with the cylinder itself, and firmly fixed to it from the top to the bottom. This wing commonly lies in the middle of the shadow of the cylinder, and as long as it remains in that situation it has no effect whatever ; but when it is necessary that the diameter of one of the shadows be increased, the corresponding cylinder is moved about its axis, till the wing just described emergingout of the shadow, and intercepting a portion of light, brings the shadow projected upon the field of the instrument to be of the width or diameter required. In this operation it is always necessary to turn the cylinder outwards, or in such a manner that the augmentation of the width of the shadow may take place on that side of it which is opposite to the shadow cor responding to the other light. The necessity for that pre caution will appear evident to any one who has a just idea of the instrument in question, and of the manner of making use of it.
It is by means of these wings attached to the cylinders that the widths of the shadows are augmented, so as to fill the whole field of the p h o t o m e t e r, when the screen with the circular opening is made use of.
As the lower ends of the cylinders which pass through the holes made to receive them in the bottom of the box are about -of an inch less in diameter than their upper parts, which cast the shadows, and as they not only go quite through the bottom of the box ( which is an inch thick) but project near an inch below its inferior surface, and, lastly, as these cylinders are not firmly fixed in these holes, it is easy, by taking hold of the ends of them which project below the bottom of the box, to turn about the cylinders upon their axes, even without opening the box. I said above, that the height of the vertical wing attached to each of the cylinders was equal to the height of the cylinder itself:-this must be understood to mean, not the total length of the cylinder, comprehending that part of it which passes into, and through the bottom of the box ; but merely its height above the bottom of the box, or part pro jecting, namely q~i nches. As it is absolutely necessary that the cylinders should con stantly remain precisely perpendicular to the bottom of the box, or parallel to each other, it will be best to construct them of brass, and instead of fixing them immediately to the bottom of the box (which being of wood may warp), to fix them to a strong, thick piece of well hammered plate brass, which plate of brass may be afterwards fastened to the bottom of the box by means of one strong screw. In this manner two of my best instruments are constructed. And, in order to se cure the cylinders still more firmly in their vertical positions, they are furnished with broad flat rings, or projections, where they rest upon the brass plate ; which rings are ~ of an inch thick, and equal in diameter to the projection of the wing of the cylinder, to the bottom of which they afford a firm sup port. These cylinders are likewise forcibly pushed, or rather pulled against the brass plate upon which they rest, by means of compressed spiral springs, placed between the under side of that plate and the lower ends of the cylinders.
Of whatever material the cylinders be constructed, and whatever be their forms or dimensions, it is absolutely neces sary that they, as well as every other part of the photometer, except the field, should be well painted of a deep black, dead colour. That will prevent the inconveniences which would measuring the comparative Intensities of . jg otherwise arise from reflected light, and from the presence of too great a number of visible objects. In order to move the lights to and from the photometer with greater ease and precision, I have provided two long and narrow, but very strong and steady tables, in the middle of each of which there is a straight groove, in which a sliding carriage, upon which the light is placed, is drawn along by means of a cord which is fastened to it before and behind, and which passing over pullies at each end of the table, goes round a cylinder, which cylinder is furnished with a winch, and is so placed near the end of the table adjoining the photometer, that the observer can turn it about, without taking his eye from the field of the instrument.
Many advantages are derived from this arrangement; as first, the observer can move the lights as he finds necessary, without the help of an assistant, and even without removing his eye from the shadows ; secondly, each light is always pre cisely in the line of direction in which it ought to be, in order that the shadows may be in contact in the middle of the verti cal plane of the photometer ; and thirdly, the sliding motion of the lights being perfectly soft and gentle, that motion pro duces little or no effect upon the lights themselves, either to increase or diminish their brilliancy.
These tables, which are 10 inches wide and 35 inches high, and the one of them 12 feet, and the other 20 feet long, are placed at an angle of 6o° from each other, and in such a situa tion with respect to the photometer, that lines drawn through their middles in the direction of their lengths, meet in a point exactly under the middle of the vertical plane or field of the photometer, and from that point the distances of the lights are measured ; the sides of the tables being divided into English inches, and a Vernier, showing tenths of inches, being fixed to each of the sliding carriages upon which the lights are placed.
These carriages are so contrived that they can be raised or lowered at pleasure, which is absolutely necessary in order that the lights may be always of a proper height, namely, that they may be in a horizontal line with the tops of the cylinders of the photometer.
The method of ascertaining when the lights are at the pro per height has already been described.
In order that the two long and narrow tables, or platforms just described, upon which the lights move, may remain im moveable in their proper positions, they are both firmly fixed to the stand which supports the photometer ; and in order that the motion of the carriages which carry the lights may be as soft and gentle as possible, they are made to slide upon parallel brass wires, g inches asunder, about -of an inch in diameter, and well polished, which are stretched out upon the tables from one end to the other.
The pane of glass covered with white paper, which being fixed in a groove in the back of .he box, constitutes the verti cal plane upon which the shadows are projected, is 5^ inches long, and inches wide, as has already been observed; which is much larger than the dimensions assigned above for the field ; namely, 1^ inches wide, and 2 inches high. I had two objects in view in this arrangement; first, to render it easier to fix this plane in its proper position ; and secondly, to be able to augment occasionally the dimensions of the field, fcy removing entirely the black pasteboard screen from before this plane, or making use of another with a larger aperture ; which is sometimes advantageous.* Having now, as I imagine, sufficiently described all the es sential parts of these instruments, it remains for me to give some account of the precautions which, from experience, I have found it necessary to take in making use of them.
And first, with respect to the distance at which lights whose intensities are to be compared should be placed from the field of the photometer, I have found that when the weakest of the lights in question is about as strong as a common wax-candle, that light may most advantageously be placed from 30 to 3 inches from the centre of the field ; and when it is weaker or stronger, proportionally nearer or farther off. When the lights are too near, the shadows will not be well defined; and when they are too far off, they will be too weak.
It will greatly facilitate the calculations necessary in drawing conclusions from experiments of this kind, if some steady light of a proper degree of strength for that purpose be assumed as a standard, by which all others may be compared. I have chosen for that purpose an A r g a n d ' s lamp, made in London, and very well finished ; and though the quantity of light emitted by this, or any other kind of lamp, is very various, * Since writing the above, I have made a little alteration in the form of the box which contains my photometer. The front of it, instead of being open, is now closed, and the light is admitted through two horizontal tubes, which are placed so as to form an angle of 6o° ; their axes meeting at the centre of the field of the instrument. The field of the photometer is viewed through an opening made for that purpose in the middle of the front of the box, between the two tubes abovementioned. The annexed figures, la b . X. XI. XII. XIII. will serve to give a clearer idea of the instrument, as it now is, in its most improved state.
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depending in a great measure upon the length to which the wick is drawn out, yet I have found by repeated trials that this lamp, once properly adjusted, continues to emit light more equally for a considerable time than any other lamp, and much more so than any candle whatever. At the beginning of each experiment I adjust this standard light in the following manner. Having placed the lamp upon its carriage, at the distance of 100 inches from the centre of the field of the photometer, measuring from the centre of the circular flame of the lamp, a cylindric wax-candle, of known weight and dimensions, and which is kept merely for that purpose, being lighted and trimmed, and made to burn with the greatest possible degree of brilliancy, is placed over against it, at a certain given distance (33 inches), and then the wick of the lamp is drawn out, or shortened, as it is found necessary, till the shadows corresponding to the lamp and to the candle, are precisely of the same density ; this done, the proof candle is extinguished, and laid by for further use, and the projected experiment is immediately commenced.
Here the proof candle is, properly speaking, the standard, but the lamp is to be preferred to it for the experiments, on ac count of the superior constancy or equality of its light.
The only danger of error in this matter arises from the dif ficulty of procuring proof candles, which shall always give precisely the same quantity of light, or of making the same candle burn with exactly the same brilliancy at different times; I flattered myself at one time that even this cause of error and uncertainty, however insurmountable the difficulty appears, might be in a great measure removed. I conceived that if the light from the standard lamp and that of the proof candle, measuring the* comparative Intensities of . 83
brought to be of the same intensity at the surface of the ver tical plane, were really stronger at one time than at another, the equal shadows of the cylinders would be proportionally deeper, and that by comparing, at different times, the density of those shadows with a painted scale of shades, regularly gra duated, any difference in the intensity of the standard light might be discovered and compensated ; but upon making the experiment I found, what indeed a little patient reflection would have enabled me to foresee, that the apparent den sity of the two equal shadows corresponding to the lights compared with a painted scale of shades, exposed in the same light, is ever the same, however the intensity of the rays at the surface upon which those shadows are projected may vary.
There is however another method by which I think it pro bable that the standard lamp may be adjusted with the requi site degree of precision. It appears, from a considerable number of experiments, of which I shall hereafter give a more particular account, that the quantity of light emitted by a lamp which burns in the same manner, with a clear flame, and without smoke, is in all cases as the quantity of oil consumed. If, therefore, the standard lamp be so adjusted as always to consume a certain given quantity of oil in a given time, there is much reason to suppose that it may then be depended on as a just standard of light.
In order to abridge the calculations necessary in these in quiries, it will always be advantageous to place the standard lamp at the distance of 100 inches of the photometer, and to assume the intensity of its light at its source equal to unity; in this case (calling this standard light A, the intensity of the light at its source = x = 1; and the distance of the lamp from M 2 the field of the photometer = m == 100 ;) illumination at the field of the photometer ( = will be expressed by the fraction " = r = T.^; and the relative in tensity of any other light which is compared with it, according to the directions before given, may be found by the following proportion : calling this light B, putting y = its intensity at its source, and n = its distance from the field of the pho tometer, expressed in English inches, as it is ^ ^ as was shewn in my former letter, or instead of ~ writing its value = io5oo it: wil1 be "i = to£oo> and consequently y is to 1 as n is to 10000 ; or the intensity of the light B at its source, is to the intensity of the standard light A at it;* source, as the square of the distance of the light B from the middle of the field of the instrument, expressed in inches, is to 10000; and hence it is y = -----
Or, if the light of the sun or that of the moon be compared with the light of a given lamp or candle C, the result of such comparison may best be expressed in words, by saying, that the light of the celestial luminary in question, at the surface oj the e a r t h , or wrhich is the same thing, at the field of the pho tometer, is equal to the light of the given lamp or candle, at distance found by the experiment; or putting a = the intensity of the light of this lamp C at its source, and p = its distance in inches from the field, when the shadows corresponding to this light, and that corresponding to the celestial luminary in question, are found to be of equal densities ; and putting % = the inten sity of the rays of the luminary at the surface ol the earth, the result of the experiment may be expressed thus, % = -p; or the real value of a being determined by a particular expe riment, made expressly for that purpose with the standard lamp, that value may be written instead of it. When the standard lamp itself is made use of, instead of the lamp C, then the value of a will be 1.
I have been the more particular in this account of the instru ments employed in these inquiries, the manner in which the ex periments were conducted, and the principles upon which the conclusions drawn from them are founded, not only because the subject being new, the most particular information upon all these points is absolutely necessary, to enable others to judge with certainty of the matter submitted to their exami nation, but also because I was very desirous of affording every information and assistance in my power to those who may be disposed to prosecute these very curious and entertaining re searches.
Hoping that this apology may be thought sufficient to ex cuse the prolixity of these descriptions, I shall now proceed to give a short account of such experiments as I have hitherto found leisure to make with this apparatus.
My first attempts were to determine how far it might be possible to ascertain, by direct experiments, the certainty of the assumed law of the diminution of the intensity of the light emitted by luminous bodies ; namely, that the intensity of the light is every where as the squares of the distances from the luminous body inversely. These experiments appeared to me the more necessary, as it is quite evident that this law can only hold good when the light is propagated in perfectly trans parent or unresisting spaces, or where, suffering no diminu tion whatever from the medium, its intensity is weakened merely in consequence of the divergency of the rays ; and as it is more than probable that air, even in its purest state, is far from being perfectly transparent.
For greater perspicuity I shall arrange all my experiments and inquiries under general heads, and shall begin by prefixing to those which relate to the subject now under consideration, the general title of
Experiments upon the Resistance of the Air to .
EX PE R IM E N T I.
Two equal wax-candles, well trimmed, and which were found by a previous experiment to burn with exactly the same degree of brightness, were placed , on one side, before the photometer, and their united light was counterbalanced by the light of an A r g a n d ' s lamp, well trimmed, and burning very equally, placed on the other side over against them. The lamp was placed at the distance of 100 inches from the field of the photometer, and it was found that the two burn ing candles (which were placed as near together as possible, without their flames affecting each other by the currents of air they produced), were just able to counterbalance the light of the lamp at the field of the photometer, when they were placed at the distance of 60,8 inches from that field. One of the candles being now taken away and extinguished, the other was brought nearer to the field of the instrument, till its light was found to be just able, singly, to counterbalance the light of the lam p; and this was found to happen when it had arrived at the distance of 43,4 inches. In this experiment, as the candles burnt with equal bright ness, it is evident that the intensities of their united and single lights were as 2 to 1, and in that proportion ought, according to the assumed theory, the squares of the distances, 60,8 and 43,4 to be ; and in fact, 60,8 = 3636,64 is to 43,4 = 1883,56 as 2 is to 1 very nearly.
Again With regard to these experiments it may be observed, that were the resistance of the air to light, or the diminution of the light from the imperfect transparency of air, sensible within the limits of the inconsiderable distances at which the candles were placed from the photometer, in that case the distance of the two equal lights united ought to be to the distance of one of them single, in a ratio less than that of the square root of 2 to the square root of 1. For if the intensity of a light emitted by a luminous body, in a space void all nished in the proportion of the squares of the distances, it must of necessity be diminished in a still higher ratio when the light passes through a resisting medium, or one which is not per fectly transparent: and from the difference of those ratios, namely, that of the squares of the distances, and that other higher ratio found by the experiment, the resistance of the medium might be ascertained. This I have taken much pains to do with respect to air, but have not as yet succeeded in these endeavours, the transparency of air being so great that the diminution which light suffers in passing through a few inches, or even through several feet of it, is not sensible.
Having found, upon repeated trials, that the light of a lamp, properly trimmed , is incomparably more equal than that of a candle, whose wick continually growing longer renders its light extremely fluctuating, I substituted lamps to candles in these experiments, and made such other variations in the manner of conducting them, as I thought bid fair to lead to a discovery of the resistance of the air to light, were it possible to render that resistance sensible w ithin the confined limits of my machinery.
Having provided two lamps, the one an A r g a n d s lamp, which I made to burn with the greatest possible brilliancy ; the other a small common lamp, with a single, round, and very .small wick, which burning with a very clear, steady flame, and without any visible smoke, emitted only about part as much light as the A r g a n d ' s lam p; these lamps being placed over against each other before the field of the photometer, their lights were found to be in equilibrium when the less being placed at the distance of 20 inches from the centre of that field, the greater was removed to the distance of 101 inches. I now concluded, that if the less light were to be removed to the distance of 40 inches, it would be necessary, in order to restore the equilibrium of light, or equality of the shadows in the field of the photometer, to remove the greater light to the distance of 202 inches ; that is to say, if the dimi nution of the light arising from the imperfect transparency of the air should not be perceptible within the limits of that dis tance. But if, on the contrary, it should be found upon re peated trials, that the equilibrium was restored when the greater light had arrived at a distance short of 202 inches, I might thence conclude, that such effect might safely be attri buted to the imperfect transparency of the air : for notwith standing that the light of the smaller lamp would of course be diminished as well as that of the greater, yet as there is every reason to suppose that the diminution, whatever it may be, must ever be proportional to the distance through which the light passes in the medium, as the augmentation of the dis tance through which the light of the smaller lamp passes is no more than 20 inches, while that of the greater is made to pass through an additional distance, amounting to more than 100 inches, it is evident that the diminution of the light of the greater lamp, arising from the imperfect transparency of the .medium, must be greater than the diminution of the light of the less lamp, arising from the same cause; and, consequently, MDCCXCIV.
N measuring the comparative Intensities o f Light.
that the effects of such diminution would become apparent in the experiment, were they in reality considerable.
The following table will shew the results of the experiments which were made with a view to determine that fact.
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Count Rumford's Account of a Method o f E x p e r i m e n t s . In the four last experiments, instead of the small lamp above described, a common Argand lamp was made use of, the wick of which was only drawn out so far as to cause it to emit about i part as much light as the other Argand's lamp, burning with its greatest brilliancy, which was placed over againstit.
D is t a n c e o f th e s m a lle r L ig h t . D is t a n c e o f t h e g r e a te r L ig h t . S e c o n d d is ta n c e o f th e g r e a te r lig h t,
In order that in judging of the equality of the shadows, my measuring the comparative of Light. 91 mind might be totally unbiassed by my expectations, or by any opinions I might previously have formed with respect to the probable issue of the various experiments, keeping my eye constantly fixed upon the field of the photometer, and causing the light, whose corresponding shadow was to be brought to be of equal density with the standard, to move backwards and forwards, by means of the winch which I had constantly in my hand, as soon as the shadows appeared to me to be per fectly equal, I gave notice to an assistant to observe, and si lently to write dowm, the distance of the lamp or candle, so that I did not even know what that distance was till the expe riment was ended, and till it was too late to attempt to correct any supposed errors of my eyes by my wishes, or by my ex pectations, had I been weak enough to have had a wish in a matter of this kind. I do not know that any predilection I might have had for any favourite theory , would have been able to have operated so strongly upon my mind, and upon my senses, as to have made black and white appear to me other wise than as they really were; but this I know, that I was very glad to find means to avoid being led into, temptation. But to return to the foregoing experiments ; the results of them, so far from affording means for ascertaining the resist ance of the air to light, do not even indicate any resistance at a ll; on the contrary, it might almost be inferred from some of them, that the intensity of the light emitted by a luminous body in air is diminished in a ratio less than that of the squares of the distances ; but as such a conclusion would involve an evident absurdity, namely that, light moving in air, its abso lute quantity instead of being diminished actually goes on to increase, that conclusion can by no means be admitted.
N 2
Besides the experiments above mentioned, I made a great number of others similar to them, and with the same view ; but as their results were all nearly the same, I have not thought it worth while to lengthen my letter by inserting a particular ac count of them. In general they all conspired to shew that the resistance of the air to light was too inconsiderable to be perceptible; and that the assumed law of the diminution of the intensity of the light may with safety be depended on.
*
That the transparency of air in its purest state is very great, is evident from the very considerable distances at which objects, and such even as are but faintly illuminated, are visible; and I was by no means surprised that its want of transparency could not be rendered sensible in the small distance to which my ex periments were necessarily confined : but still I think means may be found for rendering its resistance to light apparent, and even of subjecting that resistance to some tolerably accu rate measure.
An accurate determination of the relative intensity of the sun's or moon's light, when seen at different heights above the horizon, or when seen from the top, and from the bottom of a very high mountain, in very clear weather, would probably lead to a discovery of the real amount of the resistance of the air to light.
Of the Loss of Light in its Passage through Plates different Kinds of Glass.
In these experiments I proceeded in the following manner. Having provided two equal Argand's lamps, A and B, well trimmed, and burning with very clear bright flames, they 93 were placed over against each other before the photometer, each at the distance of too inches from the field of the instru ment, and the light of B was brought to be of the same inten sity as that of A, or the shadows were brought to be of the same density, which was done by lengthening or shortening the wick of the lamp B, as the occasion required. This done, and the two lamps now burning with precisely the same degree of brilliancy, a pane of fine, clear, transparent, well polished glass, such as is commonly made use of in the construction of looking-glasses, six inches square, placed vertically upon a stand, in a small frame, was interposed before the lamp B, at the distance of about four feet from it, and in such a position that the light emitted by it was obliged to go perpendicularly through the middle of the pane, in order to arrive at the field of the photometer. The consequence of this was, that the light of the lamp B being diminished and weakened in its pas sage through the glass, the illuminations of the shadows in the field of the photometer were no longer equal, the shadow cor responding to the lamp A being now less enlightened by the light of the lamp B, than the shadow corresponding to the lamp B was enlightened by the undiminished light of the lamp A.
To determine precisely the exact amount of this diminu tion of the light of the lamp B (which was the main object of the experiment), nothing more was necessary than to bring this lamp nearer to the field of the photometer, till its light passing through the glass should be in equilibrium with the direct light of the lamp A ; or, in other words, till the equa lity of the shadows should be restored ; and this I found measuring the comparative Intensities o f actually happened when the lamp R, from 100 inches, was brought to the distance of 90,2 inches from the field of the photometer. Now as it has already been shewn that the intensities of the lights are as the squares of their distances from the field of the photometer, the illuminations being equal at that field, it is evident that the light of the lamp B was diminished, in this experiment, in its passage through the pane of glass, in the ratio of ioo* to 90,2*, or as 1 to ,8136 ; so that no more than ,8136 parts of the light which impinged against the glass found its way through i t ; the other ,1864 parts being dispersed and lost.
To assure myself that the lamps still continued to emit the same relative quantities of light as at the beginning of the ex periment, I now removed the pane of glass, and found that the equality of the shadows was again restored, when the lamp B arrived at its former station, 100 inches from the field of the photometer.
This experiment I repeated no less than 10 times, and found the loss of light in its passage through this pane of glass, taking a mean of all the experiments, to be ,1973 parts of the whole quantity that impinged against i t ; the variations in the results of the various experiments being from ,1720 to ,2108.
In four experiments, with another pane of the same kind of glass, the loss of light was ,1836 ; ,1732 ; ,2056 ; and ,1853 ; mean ,1869. When the two panes of this glass were placed before the lamp B, at the same time, but without touching each other, measuring the comparative Intensities of . 95
and the light made to pass through them both, the loss of light, in four different experiments, was ,3089 ; ,3259 ; ,3209 ; and ,3180 ; mean ,3184. With another pane of glass of the same kind, but a little thinner, the mean loss of light, in four experiments, was ,1813.
With a very thin clean, pane of clear, white, or colourless window-glass, not ground, the loss of light, in four experi ments, was ,1324; ,1218; ,1213; and ,1297; mean ,1263 . When the experiment was made with this same pane of glass, a very little dirty, the loss of light was more than doubled.
Might not this apparatus be very usefully employed by the optician, to determine the degree of transparency of the glass he employs, and direct his choice in the provision of that important article in his trade ?
In making these experiments, a great deal of the trouble may well be spared, for there is no use whatever in bringing the two lamps A and B to burn with the same degree of brilliancy ; all that is necessary being to bring the shadows to be of the same density, with the glass, and without it, noting the distance of the lamp B in each case (the lamp A remaining immoveable in its place) ; for the relative quantity of light lost will ever be accurately shewn by the ratio of the squares of those distances, whatever be the relative brilliancy with which the two lamps burn. The experiment is more striking, and the consequences drawn from it rather more obvious, when the lamps are made to burn with equal flames; otherwise that equality is of no real advantage. In these experiments the method of proceeding was much the same as in those just mentioned. The lamps A and B burning with clear, bright, and steady flames, were placed be fore the field of the photometer, and one of them was moved backwards and forwards till the illuminations of the shadows in the field of the instrument were found to be precisely equal. The distance of the lamp B being then noted, this lamp was removed, and a mirror being put in its place, but nearer the field of the photometer, the lamp was so placed that its rays, striking the centre of the mirror, were reflected against the field of the photometer, where, by bringing the lamp nearer to, or removing it farther from the mirror, the illumination of the field by those reflected rays was now brought to be in equilibrium with the illumination of the standard lamp, and then the distance of the lamp from the centre of the mirror, and the distance from thence to the centre of the field, were carefully measured, and noted. These two distances added together, was the real distance through which the rays passed in order to arrive at the field of the photometer. Now as there is always a loss of light in reflection, it is evi dent that the reflected rays must come to the field of the pho tometer weakened, and that in order to illuminate this field by these reflected rays as strongly as it was illuminated by the direct rays of the same lamp, the lamp must be brought nearer to the field. It is likewise evident, from what has already been said, that the ratio of the squares of those distances of the lamp when its rays pass on directly, and when they arrive after having been reflected, are found to illuminate equally the field of the photometer, will be an accurate mea sure of the loss of the light in reflection.
The following table will shew the results of five experi ments with a small, but most excellent glass mirror, made by R a m sd e n . This mirror, which makes part of an opti cal instrument I caused to be constructed in London about twelve years ago, is 7 inches long, and inches wide, and 1 suppose is as perfect as ever glass mirror was of that size.
To facilitate the comparison of the results of the experi ments, the lamp B, at the beginning of each experiment (when the intensity of its direct rays was compared with the intensity of the standard lamp), was placed at the distance of ico inches, the standard lamp being occasionally moved, in order to produce an equality of the shadows. The mean of these five experiments gives for the loss of light .3494 ; and from hence it appears, that more than part of the light which falls upon the best glass mirror that can be constructed is lost in reflection.
The loss with mirrors of indifferent quality, is still more con siderable. With a very bad common looking-glass the loss, O in one experiment, appeared to be ,4816 parts ; and with another looking-glass it was ,4548 parts in one experiment, and ,443° in another. I should certainly have made an experi ment to determine the loss of light in its reflection from the surface of a plane metallic mirror, but I had no such mirror at hand. The difference of the angles of incidence at the surface of the mirror, within the limits mentioned, namely, from 450 to 85°, did not appear to affect, in any sensible degree, the re sults of the experiments. I also found upon trial, that the ef fect produced by the difference of the angles at which light impinges against a sheet of transparent glass through which it passes, is, within the limits of 40° or from the perpendicu lar, but very trifling.
Of the relative Quantities of Oil consumed, and of Light emitted,
by an A r g a n d ' s Lamp, and by a Lamp on the common Con struction, with a Riband W i c k .
The brilliancy of the A r g a n d ' s lamp is not only unrivalled, but the invention is in the highest degree ingenious, and the instrument useful for many purposes; but still, to judge of its real merits as an illuminator, it was necessary to know whe ther it gives more light than another lamp proportion to the oil consumed. This point I determined in the following manner.
Having placed an A r g a n d ' s lamp, well trimmed, and burning with its greatest brilliancy, before my photometer, and over against it a very excellent common lamp, with a riband wick, about an inch wide, and which burnt with a c le a r , b r ig h t f la m e , w i t h o u t t h e le a s t a p p e a r a n c e o f s m o k e , I
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H o w far t h e a d v a n t a g e o f t h is
Of the Fluctuations of the Light emitted by Candles.
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